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).  MeiL  Enlomol  27(6):  I0I6-IIS6  (1990) 

AnSTR,\(n'  In  a  longitudinal  study  of  hypere'ndemic  malaria  in  a  village  in  eastef  n  Thai¬ 
land  (from  October  19S3  to  Xosemher  19S7).  man-biting  anopheline  mosquilort  « ere  col¬ 
lected  for  16  man  ni^ts  per  month  in  22  of  26  mo.  Mosquitoes  «ere  separated  aeeording 
to  eoll«ttoR  Jiles  (inoCT,  centraL  more  populated,  outer.  peripHeral,  more  forested). 
period  and  parity.  ar>d  then  the)* «  ere  tested  for  sporozoite  antigen  using  an  cnz>Tne-lmked 

immunosorbent  assay(ELISMeAbundanccofilnopfce/«dift«Pc>1onailUrnson  was  gr«tcr 

in  outer  than  inner  %  ilbgc  siter.  w  tth  bimodaJ  peaks  in  the  postmonsoon  (Octobef-Nox  ember) 
and  early  rainy  (April  or  May)  seasons.  Parity  rates  at  both  sites  uere  high  in  postmonsoon 
seasons  (f  about  6755).  low  in  cool  dr>-  (December-Januar>-.  <56»)  and  monsc^ 
September.  <6055)  seasons,  and  wriabte  in  other  seasons.  Of  J,86l  An  dinis  collected.  16 
(0955)  were  poritixe  for  Ptesmodium  falcipatum  (PF)  and  nine  (0455)  for  F.  cicux  (P\'). 
uhereas  of  3S6  An*  mlnimor.  one  (0.0<5)  and  three  (0.855)  were  PF-  and  PV-poiliv^ 
respectixely.  Entomological  inocuution  rates  (EIR)  were  higher  m  outer  (i  PF  •  091,  PV 
-  oil)  than  inner  > illagc  sites  (f  «  0  01  for  PF  and  PV).  The  EIR  of  PF  appeared  bimoda). 
high  U,  postmonsoon  (October-Nox  ember)  and  eaily  rainy  (April  or  May)  seasoi^  loxx-  in 
monsoon  seasons,  and  x'ariable  in  other  seasons.  The  xectoria)  capacity  ol  Au.  oirur  xx-as 
higher  than  that  of  An.  minimus,  indicating  that  the  Ixxo  spccio  were  primary  and 
sectors,  respectixely.  Human  malaria  prevalence  data  indicated  that  transmission  depended 
greatly  on  the  higher  jearTound  sector  abundance  in  outer  than  in  inner  village  sites. 

KEY  UOROS  Insecia,  AnopW«  spp,  malaria  transmission.  Thailand 


Anopheles  dmts  Peyton  &  Harrison  is  the  most 
important  malaria  vector  in  several  provinces  m 
eastern  Thailand  along  its  mountainous  border  with 
Ciimb^ia  (Wilkinson  el  ah  1978,  Rosenberg  el  a1. 
1990),  although  other  sector  species  also  occur  there 
(PrasiUisuk  1985).  Originally  considered  a  species 
of  heavily  forest^  mountainous  regions.  An. 
has  adapted  to  peripheral  areas  where  natural  for¬ 
ests  xscrc  replaced  with  orchards,  tea,  coffee,  and 
rubber  plantations  (Rosenberg  el  al,  1990).  In 
Chanlaburi  Province,  eastern  Thailand.  Rosenberg 
cl  ah  (1990)  conducted  a  study  from  19S3  to  1985 
in  Ban  Phluang,  a  village  wliefc  malaria  sx-as  by- 
pcrcndcmic.  describing  in  detail  the  epidemiology 
of  malaria  transmission.  Only  An.  dims  was  in¬ 
criminated;  76%  of  infected  mosquitoes  contained 
Plasmodium  falciparum  Welch  (PF)  sporozoites, 
the  remainder  being  infected  with  F.  viiax  Grassi 
&  Felelli  (PV).  Transmission  ssas  focal  even  in  the 
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central,  most  populated  area  of  the  villagi^  and 
afflicted  villagers  sxcrc  largely  asymplomalia  In 
the  dry  season.  An.  dirus  larvae  were  found  once 
in  a  deep,  man-made  \x  ell  (Rosenberg  cl  al  1990^ 
We  studied  the  same  village  from  October  1985 
to  November  19S7.  Our  objectives  were  to  deter¬ 
mine  possible  changes  in  malaria  transmission  dy¬ 
namics,  with  emphases  on  malaria  vector  incrirn- 
ination,  focality  of  transmission,  malaria 
prevalence-incidence,  vector  infection  indices, 
seasonal  and  diurnal  abundance,  and  An  din« 
larval  breeding  liahitals 


Motcriols  and  .Methods 

Study  Sites.  Details  of  the  location,  demography, 
dwellings,  terrain,  vegetative  comjxwilioii.  and 
economy  ol  the  village.  Ban  Phhiang,  were  de¬ 
scribed  previously  (Rosenberg  cl  al  1990).  Four 
mosquito  colleclitMt  sites  were  dcsignalctl  sites  A 
and  B  were  the  original  inner  (central,  more  pop¬ 
ulated)  village  collection  sites  of  Rosenberg  et  al. 
(1990),  site  C  was  about  900  m  distal  of  site  A  al 
a  house  surrounded  b>  fruit  orchards  and  about 
•100  iti  from  the  base  of  a  lull  con‘aining  mostly 
mature  rubber  trees,  site  D  was  about  900  m  distal 
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of  site  C,at  a  house  surrounded  by  orchards 
about  600  m  from  the  base  of  a  densely  forest^ 
mountain.  Feripheraf  (outer  \11bge)  sites  C  and  D 
were  more  forested  and  less  populated.  The  area 
betueen  site  D  and  the  base  of  the  mountain  was 
interlaced  u  ith  descending  streams.  The  31  houses 
in  the  study  area  were  located  mostly  around  ^tes 
A  and  B,  with  only  nine  houses  located  near  sites 
C  and  D  combing  All  houses  were  spra>ed  by 
the  Mabria  Control  Sector  Office  with  DDT  (2  g/ 
m*)  twice  per  year  (April  and  August),  with  an 
extra  spraying  in  Decembe;  19S6. 

Weather  Data.  Daily  minimum  and  maximum 
temperatures  and  rainfall  were  recorded  during 
the  study  by  a  designated '  ilbge  resident  Rainfall 
data  came  from  the  prr^nce  weather  station  in 
Chantaburi,  about  40  Lc.i  distant 

Human  Malariometry.  Thin  and  thick  smears 
of  villagers  (n  «  230,  i  192)  were  made  bi¬ 
monthly  irom  October  19$3  to  June  19S6  and 
monthly  from  July  to  September  19SG  (first  >car). 
Thereafter,  until  Nowmber  1987,  smears  were 
made  monthly  (second  >ear).  Slides  were  Ciemsa- 
stained,  examined  for  mabria  species,  and  quan¬ 
tified  for  trophozoite  and  gamotoexte  density  per 
300  leucocytes  counted  in  the  thick  smear  under 
an  oil  immersion  lens  (l.OOOx). 

Treatment  for  malaria-positivc  villagers  was 
provided  by  the  Malaria  S^tor  Office  (Makham 
District)  according  to  guidelines  established  by  the 
Mabria  Divuion,  Ministry  of  Public  Health.  Adult 
cases  of  P.  Jalcifkirtwi  detected  by  the  Malaria 
Division  were  given  a  single  dose  of  three  tablets 
containing  750  mg  mefloquine,  1.3  mgsulfadoxme, 
and  75  mg  pyrimethamine.  Cases  of  P.  citxix  were 
given  1 5  g  chloroquinc  base  for  3  d  and  13  mg 
primaquine  for  14  d.  Children  received  a  propor¬ 
tionately  smaller  dose  according  to  an  age  scale 
provided  by  the  Thai  Ministry  of  Public  Health. 

Prevalence  was  determined  monthly,  counting 
only  villagers  who  provided  &7  smears  (first  year) 
or  S:8  smears  (second  year).  New*  cases  (incidence) 
were  tUimalcd  monthly  by  dividing  the  number 
of  villagers  v>  ith  gamclocytcs  (or  parasite  density 
>99  per  500  leukocytes)  by  the  total  who  provided 
smears.  Seasonal  prevalence  and  incidence  were 
obtained  by  dividing  the  total  of  PF  (or  PV)  pos¬ 
itive  villagers  or  new  PF  (or  PV)  cases,  respectively, 
per  season  by  the  total  who  provided  smears  in  the 
season. 

Mosquito  Collections.  Humaii-baitcd  mosquito 
collections  were  made  concurrently  by  two  pairs 
of  collectors  at  two  sites  per  night  for  four  consec¬ 
utive  nights  each  month  (total,  4  man-nights  per 
site)  during  the  full  moon.  During  the  first  year, 
collections  at  sites  A  and  B  were  allcrnalctl  nightly 
with  those  at  sites  C  and  D,  whereas  during  the 
second  year,  collections  at  sites  A  and  D  were  al¬ 
ternated  with  those  at  sites  B  and  C  Collectors  sat 
outdoors  in  chairs  within  10  m  of  collection  site 
houses.  Occasional  dry  ice-bailcd  ultraviolet  light 
trap  collections  were  made  at  the  same  sites  when 


man-baited  collcitions  were  not  scheduled.  Col¬ 
lections  were  made  between  1800  and  0150  hours. 
Collectors  worked  50  min/b  until  2350  hours  and 
were  repbeed  at  0010  hours  by  a  second  shift  of 
workers  v\ho  collected  in  the  same  manner  until 
0150  hours.  Details  of  collection  and  handling 
methods  for  captured  mosquitoes  are  ^ven  else¬ 
where  (RosenbCTg  et  ab  19^). 

Larxtil  mosquito  survey's  were  conducted  during 
the  same  collection  periods.  During  the  first  8  mo. 
potentbl  breeding  sites  of  An.  dints  w  ere  sampled 
to  det^mine  brval  habitats.  Deep  w  elU  w  ere  sam¬ 
pled  with  a  bucket  oh  a  rope  or  with  a  pbnkton 
net  Other  habitats  v%  ere  sampled  w  ith  shallow  en¬ 
amel  pans  or  long-handled  dippers.  Thereafter, 
samples  were  taken  during  each  monthly  survey 
at  types  of  habitats  (unless  dry)  that  previously  had 
yielded  An.  dims  larvae. 

Examination  of  Adult  Mosquitoes.  The  morning 
after  a  biting  collection,  anophcline  species  were 
identified,  and  the  ovarian  iracheoles  were  e.xam- 
ined  for  parity  (Dclinova  1062).  During  the  first 
15  mo  of  the  study,  the  head  and  thorax  (HT)  of 
each  specimen  were  bbeclcd  from  the  abdomen 
(AB).  Specimens  were  placed  in  separate  l.S-ml 
centrifuge  tubes  containing  50  or  100  m1  of  blocking 
buffer  and  frozen  at  -70^  on  dry  ice  for  future 
circumsporozoite  antigen  (CS)  detection  by  ELISA 
(Witlz  ct  a1.  1987)  During  the  last  11  mo  of  the 
study,  midguts  were  dissected  and  stained  for  oo¬ 
cysts,  and  salivary  glands  (SO)  vvere  bisected  with 
fine  dLxscctton  needles,  one  gland  for  microscopic 
examination  of  sporozoites  and  the  other  gland  for 
testing  by  ELISA.  N'ulhparous  mosquitoes  w  ere  not 
di$$c<^cd  but  vverc  bisected  to  obtain  HT  and  AB 
for  ELISA  as  in  the  first  15  mo  of  the  study  After 
dissections  in  May-July  19S7,  bodies  of  177  mos¬ 
quitoes  were  tested  with  an  An.  dims  species 
D-spccific  DNA  probe  to  determine  the  proportion 
of  An.  dims  species  D  in  the  total  An.  dims  col- 
lections  (Panyim  ct  al.  1988). 

ELISA  Methods.  The  ELISA  methods  were  those 
of  Wirtz  cl  a!.  (1987),  with  minor  modifications. 
Tliawed  specimens  were  diluted  to  350-  r 
volumes  of  blocking  buffer  just  prior  to  <  alysis. 
Ncgaliveconlrolsconsislcil  of  laboratory  reaitd  An 
dims.  Anopheles  mocidaiMs  Theobald,  Aucpheles 
minimus  Theobald,  and  Anopheles  phili  lr>ensis 
Ludlow.  Thr<x;  aliquots  of  each  of  the  fovii  s|xx;ies 
(total,  12  wells)  were  tested  in  each  plate  Ouan- 
litativc  positive  controls  consisted  of  hcinary  .ine- 
ler-counicd  SG  sporozoites  (Nonidel  P-40-lr.  sted) 
and  rccombinaiit  PF  prolcm  (Young  el  al  I9S5) 
or  synthetic  PV  peptuie  (Arnol  et  al  1983,  \fc- 
Cutclian  cl  ak  1985)  standardized  against  counle<l 
PF  or  P\^  sporozoites  (from  direct  feeding  ot  An 
dims  on  gametocytcmic  Thai  patients  [per  Wil¬ 
kinson  ct  al.  1972)).  Absorbance  values  (414  nm) 
were  recorderl  60  min  after  the  addition  of  sub¬ 
strate  using  an  ELISA  microtiler  plate  reader  (Ti- 
terlck  MCQ  Flow  Laboratories,  McLean.  Va  )  cou¬ 
pled  loan  IBM-PC-XT  computer  used  to  store  data 
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Mosquito  triturates  \\ith  absorbance  values 
greater  than  the  mean  plus  three  SD  of  the  12 
negati\e  controls  uere  retested.  Serial  2-fold  di¬ 
lutions  of  CS  antigen  or  counted  ^ro2oites  were 
used  as  quanliuthe  positbe  controls  in  conBrm* 
ator>'  tests.  Mosquitoes  w  ere  called  CS  antigci.'-pos- 
iti\c  if  absorbance  \alucs  exceeded  the  mean  plus 
three  SD  of  12  negatbe  control  mosquitoes  (Cold- 
berg  1960}  and  exceeded  the  minimum  detectable 
posit  i\  e  control  sporozoite  >‘alucs  (usually  6*12  spo¬ 
rozoites/50  pi).  Sporozoite  equiv'alents  per  positi^'e 
mosquito  HT  or  SG,  based  on  detected  CS  antigen, 
were  calculated  from  appropriate  standard  curves 
(per  Wirtzet  al  19S7)  after  correction  for  dilutions 
(Collins  et  al.  19S4)< 

Vector  Data,  Calculations,  and  Analj-ses.  Spe¬ 
cies,  collection  site,  parity,  biting  period,  and  the 
presence-absence  of  CS  antigen  were  determined 
for  each  specimen.  From  these  data,  the  sporozoite 
antigen-posilbe  rates,  entomological  inoculation 
rates  (ElB),  and  \ectorial  capacity  (VC)  were  cal¬ 
culated  for  each  season.  Entomological  inoculation 
rates  were  dc6ned  as  the  number  of  sporozoite 
antigen-positive  An.  dirus  or  An.  minimus  divided 
by  the  number  of  man-nights  of  collection  at  the 
site.  Vectorial  capacity  was  C  =  (nw)opV  -In  p, 
where  ma  is  the  atrcragc  daily  man-biting  rate,  a 
is  the  daily  man-biting  habit,  p  is  the  daily  survb'al 
rate  estimated  from  the  parity  rate,  and  n  is  the 
length  of  sporogontc  cycle  (Macdonald  1952).  For 
our  purposes,  ma  was  the  moan  of  bites  per  man 
per  night,  a  was  afsumcd  to  be  0033.  and  n  for 
PF  and  PV  was  assumed  to  be  12  d  for  PV  and  PF 
(Rosenberg  ct  al  1990),  based  on  a  laboratory  de¬ 
velopment  temperature  of  26®C  because  no  field 
estimates  w'crc  available  Daily  survival  (p)  was 
calculated  from  the  parity  rate  (pr)  according  to 
p  “  pr '  *  (Davidson  1954),  wliere  x  is  a  gonotrophic 
duration  of  3  d. 

Estimates  of  a  for  An.  d/rus  range  from  0  25 
(Ismail  ct  al  1975)  to  0  33  (Rosenberg  cl  al.  1990). 
Its  feeding  preference  for  primates  is  well  docu¬ 
mented  (Wharton  ct  al  196-1)  Estimates  of  a  for 
An.  minimus  range  from  0  35  (Ismail  ct  al.  1975) 
to  050  (Ratanatham  ct  al.  19S8).  An.  minimrrs 
prefers  cattle  to  man,  given  a  choice  (Ratanalliam 
et  al  19S8).  However,  the  only  large  mammals 
aside  from  humans  in  the  village  were  dogs,  not 
documented  as  preferred  hosts. 

Peak  biting  periods  were  determined  by  com¬ 
paring  mosquitoes  collected  in  each  of  four  biting 
intervals  (1800-2100.  2101-2400,  0001-0300,  and 
0301-0500  liours).  Vector  abundance  by  sites  (ci¬ 
ther  two  or  four  sites),  seasons  (either  five  or  11), 
and  biting  periods  (four)  and  pro|x>rtions  of  parous 
mosquitoes  were  analyzed  by  analysis  of  variance 
(AN'OVA)  and  least  significant  dificrence  (LSD, 
rejection  level  of  005  unless  otherwi>e  specifietl) 
after  calculating  mos<]uito  bites  per  man  per  night, 
transformed  to  their  square  roots  (SQRT)  Overall 
site  and  seasonal  mosquito  parity  differences  were 
analyzed  by  Pearson  s  x*  on  counts  of  parous  and 


nulltparous  mosquitoes,  whereas  proportions  par¬ 
ous  by  biting  period  were  analyzed  by  AN’OVA 
after  arc  sine  tmnsformation.  The  EIR  and  VC 
were  compared  using  the  correlation  coefficient  (r; 
or  Spearman  correbtion  (Sr).  Differences  in  ma¬ 
laria  prevalence  were  determined  using  Pearsons 
X*  and  comparisons  with  incidence-utilized  r  (Sta- 
tisttx,  KH  Analytical  Software,  Roseville,  Minn.)« 

Results 

Wcath^,  Seasonal  temperature  fluctuations  in 
Chantaburi  Province  were  moderate.  However, 
combinations  of  rainfall  and  temperature  patterns 
yielded  di^inct  seasons  defined  as  follow’s:  posl- 
monsoon,  cool  dry,  hot  dry,  early  rainy,  and  mon¬ 
soon  seasons  (Fig  1). 

Mosquito  Collections.  The  most  abundant  spe¬ 
cies  caught  were  An.  dtrus  and  An.  minimus  (Ta¬ 
bic  1).  Uring  spccies-spccific  DNA  probes  on  177 
An.  rfinis  S.I..  175  mosquitoes  (09%)  were  An.  dtrus 
S.S  and  two  (1%)  were  An.  dims  species  D  (S 
Panytm.  unpublished  data).  This  composition  cor¬ 
responded  closely  with  our  morphological  identi¬ 
fication  of  An.  dtrus  ss.  (based  on  Peyton  &  Har- 
rtson[1979p.  Other  anophclinc species  and  numbers 
collected  are  listed  in  Table  1. 

Site  D  yielded  the  largest  number  of  adult  an- 
ophelincs (1,228),  followed  by  sites  C (988),  A  (367), 
and  B  (364).  An.  dints  constituted  85, 54,  40,  and 
36%  of  all  anophehnes  collected  at  these  sites,  re¬ 
spectively.  An.  minimus  were  caught  m  inverse 
proportion  to  An.  dints  collected  at  each  site  (i  c.. 
4,  14, 31.  and  36%  of  collections  at  sites  D,  C,  A, 
and  B,  rcsjicctivcly).  The  grand  means  of  An.  dirus 
parity  rates  ranged  from  61%  (site  D)  to  70%  (site 
B).  Similarly,  the  grand  means  of  An.  minimus 
parity  rates  ranged  from  44%  (site  D)  to  64%  (site 
B).  The  grand  means  of  parity  rates  for  other 
anoplichnc  species  combined  ranged  from  33%  (site 
A)  to  53%  (site  B).  The  mean  abundance  (bites  per 
man  per  night)  of  An.  dints  was  higher  at  site  D 
(S<^RT  j?  B  3  2)  than  al  other  sites  in  the  1 1  seasons 
of  collection  (F  =  6  3,  df  -  3,  30,  F  «  0  002,  LSD 
«  0.7),  whereas  sites  A  and  B  (SQRT  i  «  1.2  and 
Li,  respectively)  were  clearly  similar.  The  mean 
abundance  al  site  C  (SQRT  i  «  2.3)  did  not  differ 
from  site  D  when  a  rejection  level  of  0  01  (LSD  « 
0.0)  was  used  for  comparison,  indicating  their  sim¬ 
ilarity.  These  findings  corresponded  to  proximity 
of  sites  and  terrain  similarities.  For  most  purposes, 
therefore,  data  were  combined  for  sites  A  and  B 
and  for  sites  C  and  D  to  facilitate  analyses  (here¬ 
inafter  designated  sites  AB  and  sites  CD,  respec¬ 
tively). 

Seasonal  ami  Diurnal  Biiing  Patterns  of  Vector 
Species.  Monthly  mosquito  collections  for  sites  AB 
and  CD,  summra  across  five  seasons  (Fig.  1),  in¬ 
dicated  that  abundance  of  An.  dirus  and  An.  min¬ 
imus  was  bimodal,  with  a  primary  peak  in  the 
postmonsoon  season  and  a  secondary  peak  in  the 
early  rainy  (An.  dirus)  and  cool  dry  (An.  minimus) 
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MONTH/YEAR 

Fig.  1.  Total  monlhl>  rainfall  (mml  in  Chantabun  ProMnee  and  mean  monthly  minimum  temperatures  (*C) 
m  Ban  Phluans.  19$5  to  i9S7.  Bar  graphs  show  rainfall.  Iti»c  graphs  displa>  temperatures.  Postmonsoon  tPost),  coot 
dr>  (Cool),  hot  dr)  (Hot),  early  rainy  (Rain),  and  moruoon  seasons  arc  indicated  on  the  abscissa. 


seasons  (Table  2).  The  mean  abundance  of  An. 
dirus  was  greater  at  sites  CD  and  AB  (i  ±  2  $E  — 
9  0  ±  6  2  verstis  1 5  ±  0  8/man  per  night.  P  < 
005).  Comparing  abundance  of  An.  dlrm  among 
sites,  seasons,  and  biting  periods  indicated  greatest 
abundance  in  postmonsoon  and  early  rainy  seasons 
(SQUT  i  *  3,4  and  2.2/man  per  period,  respec¬ 
tively),  other  seasons  were  sigiiincantly  lower,  es¬ 
pecially  tlic  hot  dry  seasons  (SQUT  i  =>  1.1/nian 
per  period.  F  «  22  4;  df  «  4, 31,  F  <  0  OOlv  LSD 
®  06).  Similarly,  abundance  of  An.  dtrus  was 
greatest  from  2100  to  2400  hours  (SQUT  X  ®  2.4/ 
man  per  period)  and  least  from  03(X)  to  0500  liours 
<SQUTi  =  1,4/man  per  period),  with  other  periods 
similar  to  one  or  the  other  of  the  extreme  periods 
(F  6.4;  df «  3, 31;  F  «  0  002;  LSD  «  0  5).  Biting 
activity  occurred  c.arlicr  in  cool  dry  seasons,  with 
35-40%  of  An.  dirus  caught  before  2100  hours, 
about  d''ublc  the  percentage  biting  in  this  period 
in  other  seasons  (14-19%)  (Fig.  2). 

Overall  proportions  of  parous  An.  dims  at  sites 
AB  and  CD  did  not  differ  (Pearson’s  F  «  0.15). 
1  low’cvcr,  proportions  of  parous  mosquitoes  in  post' 
monsoon  seasons  were  liigh  and  similar  among  sites, 
but  were  low  in  cool  dry  and  monsoon  seasons 
(Table  2).  Similarly,  although  overall  proportions 
of  parous  An.  dirus  collected  did  not  differ  across 
five  seasons,  they  were  higher  at  sites  CD  than  at 
AD  m  early  ramy  seasons  (x*  **  14  3;  F  <  0001), 
w  hcrcas  the  reverse  was  true  in  hot  dry  seasons  (x* 
«  6  6,  F  <  0  01)  According  to  biting  period,  pro¬ 
portions  of  parous  mosquitoes  caught  (arcsine- 
transformed  and  normalized)  were  greatest  from 


2100  to  2 100  hours  (S  =  0  39)  and  least  from  0300 
to  0300  hours  (f  *  0.07),  wlicrcas  ixrnods  1800- 
2100  hours  {!  «  0.26)  and  2100-0300  liours  (i  * 
027)  were  similar  to  the  peak  pcrio<l  (F  -  7.3,  df 
«  3. 31,  F  <  0001,  l^D  *  0  15)  (Fig.  2).  Parity 
rates  of  An  dirus  generally  increased  in  consecii- 
tixc  biting  {xinods  up  to  0300  hours  in  most  seasons 
(not  significant)  but  varied  after  0300  liours  HoW' 
ever,  in  periods  of  low  abundance  (i  c.,  hot  dry 
seasons  at  sites  AB),  jiarily  rales  in  consecutive  pe¬ 
riods  nuctiiatcd. 


Table  1.  Anophelei  »pecirs,  number  collerted,  and 
percentage  of  loial  collecied  from  October  1985  lo  No¬ 
vember  1987 


Anophfks  Species* 

Na 

% 

aconUm  Donilz 

41 

13 

bathrostris  Reid  group 

102 

33 

campestris  Reid 

8S 

28 

dirus  Re>ton  &  Harrison 

1,861 

eao 

hyrennus  Reid  group 

87 

28 

larwari  (Jarnes^ 

96 

31 

macvlatus  Theobald 

52 

17 

minimus  Theobald 

386 

125 

nigtrrtmus  Giles 

49 

16 

nMpes  (Thecbald) 

29 

09 

ndicfui  Harnion,  Scanlon  &  Reid 

73 

23 

peditcmiaius  (Leicester) 

87 

31 

sawaduengpornt  Rattanarilhilul  &  Green 

22 

07 

tetstlatut  Theobald 

80 

26 

*  Species  with  ell  mosquitoes  each  AnopheUs  annularis  Van 
dcr  WuJp,  An  argyropus  (Swellengrebel),  An  crawfordi  Reid, 
An.  locAf  Donitz,  An  phlUppinemis  hudlo'w.  An  pursuil  Lave* 
ran.An  slnrmU Wiedemann, An  («runal)engar,An,umbrosns 
(Theobald),  and  An.  uharlonl  Reid 


T-blc  2.  Comp.ri«>n  of  p.rily  ..Ic,  i,.f,tiion  rmM,  number  ol  ELISA-p»»il..«  m<miullo«-.  by  .fo.on,  collcMion  file,  nnd  ii.eelet 
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Fig  2.  Biting  activity  and  propoition  of  parous  mosquitoes  at  inner  village  sites  (AB)  and  outer  village  sites 
iCD)  summed  by  season  ^see.  Fig  1).  Biting  activity  is  the  percentage  of  total  mosquitoes  caught  tunshuded  arcasj 
in  periods  i  vl800-2l00  hours),  2  <2101-2400  hours).  3  (0001-0300  hours),  and  4  (0301-0500  hours)  Proportions 
of  parous  mosquitoes  In  each  period  arc  shown  assliaded  areas,  (A)  An.  minimus.  (B)  An.  dims 


Mean  abundance  of  An.  nnnlmir^  w«i$  similar 
among  siles  AB  and  CD  (SQIIT  X  =  1.2  and  1,1/ 
man  per  night,  respectively,  P  =  0  69).  Mean  abun¬ 
dance  of  An.  minimm  was  greatest  in  postmonsoon 
and  least  m  monsoon  seasons  (SQUT  £  »  1,4  and 
0  5/man  per  period,  respectively),  but  in  other  sea¬ 
sons  It  was  similar  to  one  or  the  other  of  the  extreme 
seasons  (P  »  8  5;  df  «  4,  31;  P  <  0001;  LSD  « 
0  33).  Mean  abundance  of  An.  minimus  was  high¬ 
est  from  1800  to  2100  hours  (SQHT  ^  =  1 3/man 
per  period)  and  least  from  0300  to  0500  hours 
(SQRT  £  *  07/man  per  period),  whereas  from 
2100  to  2400  and  2400  to  0300  hours,  it  approxi¬ 
mated  the  first  or  last  periods,  respectively  (F  » 
8.1,  df  “  3,  31,  P  <  0001,  LSD  =  0 15).  Overall, 
parity  rates  of  An  minimus  did  not  differ  by  sites 
or  seasons.  Proportions  of  the  total  of  parous  mos¬ 
quitoes  caught  (arc  sine  transformed  and  normal¬ 
ized)  decreased  in  consecutive  i>criod$  from  1800 


to  2100  hours  (^  =  0  37),  2100  to  2400  hours  {£  * 
0  27),  and  2400  to  0300  hours  \£  =  0.24),  with  the 
proportion  from  0300  to  0500  hours  (x  =  0,12) 
significantly  lower  than  the  first  period  (F  =  3  9, 
df  *  3.  31,  P  =  0.02,  LSD  =  0.16)  (Fig  2).  Parity 
ratesgcnerally  increased  in  consecutive  pciiods  up 
to  2400  hours  (not  significant),  but  varied  after 
2400  flours. 

Anopheles  tyeditaeniatm  (Leicester)  were  caught 
primarily  m  late  monsoon  and  postmonsoon  sea¬ 
sons,  usually  before  2400  hours.  Abundance  and 
parity  rates  of  An.  peditaeniatus  did  not  differ 
among  sites,  but  parity  rales  generally  increased  in 
consecutive  biting  j>eriods. 

ELISA-Posilivc  Mosquitoes.  A  total  of  29  C!)S 
antigen-positive  mosquitoes  was  collected  Of  these, 
13  of  1,120  (1  2%)  An.  dims  and  2  of  176  (1.1%) 
An.  minimus  collected  from  OctoUr  1985  to  De¬ 
cember  1986  were  HT-jxisitive.  From  January  to 
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Table  3.  Sporozoite  cquiralent  Talnes  of  P,  faiciparum  aa4  P.  nc«<  cimiimporozoite  ant^eD'posilire  mosquttoca 
in  bUeeted  heads-thonees  or  di$$e«4cd  salirary  glanda 


Anophete* 

species 

Plcsmodium  faldparurnA 

Plasmcdium  vivax^ 

n 

HT 

n 

SC 

n 

HT 

n 

SC 

dirxit 

7 

1.281 

(24S-3.dll) 

9 

1.272 

(168-5.775) 

6 

S65 

(I2>1^16) 

3 

2511 

(350-11500) 

mlnimut 

* 

210 

1 

168 

2 

63 

(-12-54) 

— 

— 

pedilctniatus 

* 

5.600 

V'alues  are  as  geometric  mearts  (range): 

*  HT.  bisected  heads«lboraces.  SC,  dissected  salivary  glands. 

November  1987,  SG-po$iUve  mosquitoes  included 
10  of  768  (1.3%)  An  dims,  1  of  212  (05%)  An. 
tnimmtis,  and  1  of  53  (1.9%)  An  peditaeniatus. 
One  each  of  An.  dims  and  An.  minimus  also  were 
HT-posilive  in  1987,  but  they  were  not  dissected 
because  they  appeared  nulliparous.  Of  10  An.  dims 
which  were  ELISA  SG-positive  in  1987,  sporozoites 
w  ere  seen  in  only  four  specimens  Sporozoites  were 
not  seen  in  the  An.  minimus  and  An.  peditaeniatus 
that  were  SG-disseclcd  and  positive  by  ELISA. 
However,  an  An.  minimus  from  a  light  trap  col¬ 
lection  was  PF-positive  by  ELISA  and  exhibited 
sporozoites  A  inan-biting  An.  barbirostrls  exhib¬ 
ited  sporozoites  in  SG  but  was  ELISA-negative. 

No  differences  in  sporozoite  equivalent  values  of 
PF  and  PV  in  SG  of  positive  An,  dims  were  seen. 
An  dims  appeared  to  have  higher  sporozoite 
equivalent  values  for  PF  and  PV  than  An.  mini- 
mus  These  values  also  appeared  higher  for  Pt'  tlian 
PV  in  IIT  of  An.  dims  and  An,  minimus.  However, 
high  variability  among  specimens  precluded  sta¬ 
tistical  corroboration  of  these  apparent  differences 
(Table  3). 

The  proportion  of  CS  antigen-positive  mosqui¬ 
toes  in  vector  species  differed  by  site  and  season 
(Table  2).  An.  dims  constituted  83%  of  the  29  pos¬ 
itive  mosquitoes  (89  and  70%  of  PF-  and  PV-pos- 
itive  mosquitoes,  respectively).  Positive  mosquitoes 
were  most  abundant  during  postmonsoon  seasons 
(14  of  29, 48%),  Thereafter,  the  number  of  ELISA- 
posilivc  mosquitoes  declined  until  early  rainy  sea¬ 
sons,  when  a  secondary  peak  of  six  positive  mos¬ 
quitoes  (four  PF-positive)  was  detected.  Only  one 
positive  mosquito  was  caught  during  two  monsoon 
seasons  (Fig  3).  Seasonal  distribution  of  PF-  and 
PV-p<»itivc  mosquitoes  was  simitar,  with  68  and 
55%  of  PF-  and  PV-positivc  mosquitoes,  respec¬ 
tively,  caught  in  postmonsoon  or  cool  dry  seasons 
Sites  CD  yielded  83%  of  all  positive  mosquitoes, 
including  8$  and  89%  of  positive  An.  dims  and 
PF-positive  mosquitoes,  respectively.  Mosquito 
positivity  rates  were  inversely  proportional  to  mos 
quito  abundance  in  all  but  monsoon  season^. (Tabic 
2)  Most  positive  mosquitoes  (21  of  29,  72%)  were 
caught  before  2400  hours,  whereas  only  two  (7%) 
were  caught  after  0300  hours. 

The  EIR  and  VC  of  An.  dims  and  An.  minimus 
also  were  compared  by  site  and  season  (Table  2) 


P.  falcipamm  EIR  usually  far  exceeded  PV  EIR, 
except  in  hot  dry  and  monsoon  seasons,  when  few 
positive  mosquitoes  were  collected  The  EIR  for 
PF  at  sites  CD  far  exceeded  those  at  sites  AB,  except 
for  hot,  dry  seasons  (sites  AB  slightly  higher)  and 
monsoon  seasons  (both  zero).  The  EIR  for  PV  at 
sites  CD  also  exceeded  those  at  sites  AB  m  post¬ 
monsoon  and  cool  dry  seasons  but  were  otherwise 
equal  or  nearly  so  (monsoon  seasons).  High  EIR  for 
PF  and  PV  were  found  in  the  same  seasons,  i  e , 
postmonsoon,  cool  dry,  and  early  rainy  seasons 

The  VC  of  An.  dims  and  An.  minimus  across 
five  seasons  were  correlated  highly  witii  each  other 
(f  w  0  99),  but  VC  for  An.  dims  at  sites  CD  always 
exceeded  that  at  sites  AB,  whereas  VC  of  An  min¬ 
imus  varied  among  sites  (Table  2).  Across  1 1  sea¬ 
sons  of  An,  dims  collections,  VC  at  sites  AB  and 
CD  correlated  poorly  willi  one  another  (Sr  •  -0  09). 
The  EIR  at  sites  AB  were  usually  zero,  so  corre¬ 
lation  with  VC  was  not  attempted  Including  only 
sites  CD.  some  correlation  between  VC  and  EIR 
was  observed  (with  PF  and  PV  EIR,  Sr  =  0  33  and 
0.45,  respectively).  Correlations  of  VC  and  EIR 
were  much  higher  wlicn  both  hot  dry  seasons  were 
excluded  from  the  11  seasons  of  comparisons  (with 
PF  and  PV  EIR,  Sr  »  053  and  0.G7,  respectively), 
but  VC  among  sites  AB  and  CD  still  correlated 
poorly  (Sr  *  -0.22),  Overall  correlations  between 
EIR  and  VC  of  An.  minimus  were  not  performed 
because  its  EIRs  were  usually  zero.  The  VC  of  An. 
minimus  was  highest  during  hot  dry  seasons  at 
sites  CD,  coinciding  with  a  high  VC  for  An.  dirus 
(Table  2). 

Human  Malariometry.  Prevalence  of  PF  at  sites 
CD  exceeded  that  at  sites  AB  in  all  seasons,  with 
significant  differences  (P  v.  0  05)  during  postmon- 
soon  and  cool  dry  seasons  (Fig.  3)  The  monthly 
incidence  of  PF  was  similar  at  sites  AB  and  CD  (r 
=  088)  and  closely  paralleled  prevalence  at  sites 
AB  and  CD  (r  =  0.73  and  0  83,  respectively)  Peak 
PF  incidence  occurred  in  cool  dry  and  hot  dry 
seasons,  lagging  4-8  wk  behind  relative  abundance 
of  PF-posiUve  mos<iuitoes  in  postmonsoon  and  cool 
'i>  seasons.  The  incidence  of  PF  also  increased  in 
I .  ’  rainy  seasons  at  sites  CD,  coinciding  with  a 
secondary  peak  of  PF-positive  mosquitoes.  Prev¬ 
alence  of  PV  at  sites  AB  and  CD  was  similar  but 
peaked  during  the  monsoon  seasons  when  PF  prev- 
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Fig,  3.  Prevalence  and  incidence  of  P.Jatciparum  (PF)  and  F.  vivax  (PV)  by  season  (see  Fig  i)  at  inner  village 
(sites  AB)  and  outer  village  (sites  CD)  from  19^  to  19S7.  The  number  of  An.  airus  and  An.  minimus  positive  for 
.  PF  or  PV  sporozoite  antigen  also  are  shown  by  season  and  sites. 


alence  was  lowest.  Over  five  seasons,  mean  PV  and 
PF  prevalence  were  correlated  negatively  (at  AB, 
r  «  -095,  at  CD,  r  «  -0  88),  Incidence  of  PV 
was  low  throughout  the  study,  with  only  slight  el¬ 
evations  in  dry  and  monsoon  seasons. 

Larval  Mosquito  Colicclions,  Anopheles  diruS 
larvae  were  found  fii^s  in  October  1985  in  a  lire 
rut  near  site  A  but  were  not  found  again  for  8  mo 
l>ccau$e  its  larval  habitats  still  ere  unrecognized. 
From  July  1980,  An,  dims  larvae  were  found  rcg» 
ularly  in  similar  habitats,  with  the  first  An.  dims 
larval  collections  of  each  monsoon  season  taVen 
from  isolated  stream  pools  or  tire  ruts  near  site  D 
(Table  d).  Thereafter,  larval  collections  of  An.  dims 
increased  in  consecutive  months  through  each  Oc¬ 
tober,  when  they  were  taken  at  all  sites  (Table  4) 
By  November  or  Decemlier,  ground  pools  were 
few,  and  An.  dims  larvae  were  found  only  in  iso¬ 
lated  stream  pools  (site  D)  and  a  large  water  storage 
vessel  (site  C).  The  only  An.  dims  larvae  found  in 
the  hot  dry  season  (April  1987)  were  from  two 
large,  shaded  stream  pools  isolated  in  a  dry  stream 
bed  near  site  D  (Table  4).  No  systematic  search 


was  conducted  for  An.  minimus  because  its  hab¬ 
itats  (moderately  shaded  stream  margins,  often  m 
leaf  litter)  arc  well  known  (Ileid  1968).  However, 
larval  An,  minimus  were  collected  at  all  sites,  and 
Its  habitats  were  widely  available  in  all  but  mon¬ 
soon  seasons. 


Discussion 

Anopheles  dims  was  the  primary  vector  species 
m  Ban  Phluang,  comprising  88%  of  ELlSA-positive 
mosquitoes.  High  PF  ElB  appeared  most  depen¬ 
dent  on  the  elevated  abundance  of  An.  dims  in 
the  postmonsuon  seasons  oi  high  infection  rates  m 
the  cool,  dry  seasons  This  finding  agreed  with  those 
of  Rosenberg  et  al.  (1990),  w  ho  also  found  infected 
An.  dims  mostly  in  postmonsoon  and  dry  seasons 
However,  our  detection  of  a  secondary  peak  of 
positive  An.  dims  in  early  rainy  seasons  (seasons 
of  elevated  adult  and  larval  mosquito  abundance 
m  the  outer  village)  indicated  an  additional  period 
of  elevated  malaria  transmission  An  minimus,  with 


'iiRble  4.  Monthly  collections  of  A.  dtrut  Urvae  according  to  site  and  type  of  habitat  from  1985  to  1987* 
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ihree  HT-positiye  (PV)  and  one  SG-positive  (PF) 
mosquitoes,  was  considered  to  be  a  secondary  vec¬ 
tor,  as  suggested  by  Rosenberg  et  al  (1990).  Ele¬ 
vated  abundance  and  VC  of  An.  mtntmus  (relative 
to  An.  dirm)  in  seasons  of  wmparatively  high  PV 
gametocyte  prevalence,  coupled  with  its  PV/PF 
positivity  ratio  of  8:1.  suggested  its  greater  role  as 
a  PV  than  a  PF  vector  in  Ban  Phluang  High  abun¬ 
dance  of ''An.  minimus  in  dry  seasons  was  likely 
due  to  increased  availability  of  larval  habitats  Oth¬ 
er  anophelinespecics,  including  An,  pedRaentdfus, 
exhibited  much  lower  parity  rates  than  An.  dims 
or  An  minimus  (possibly  b^use  of  a  longer  gon- 
olrophic  cycle  or'  shorler  longevity),  yielding  low 
VCcstimates.  The  sporozoite-positive,  EUSA-neg- 
alive  specimen  of  An.  barbirostris  may  have  been 
due  to  a  CS  protein  variant  not  detected  by  our 
monoclonal  antibodies,  a  possibility  shown  by  Ro¬ 
senberg  el  al.  (1989). 

Risk  of  receiving  a  potentially  infected  mosquito 
bite  varied  with  site  and  season  as  indicated  by  the 
EIR.  Highest  risk- occurred  at  sites  CD  in  post- 
monsoon  and  early  rainy  seasons.  However,  highest 
mosquito  positivity  rales  occurred  in  hot  dry  sea¬ 
sons  when  mo^uito  abundance  was  low,  also  a 
finding  of  Rosenberg  cl  al.  (1990).  Positive  mos¬ 
quitoes  were  fewer  in  cool  dry  and  hot  dry  seasons, 
but  the  EIR  still  indicated  a  substantial  risk  of 
infection.  Lowest  risk  and  lowest  mosquito  positiv¬ 
ity  rates  occurred  consistently  during  monsoon  sea¬ 
sons. 

Plasmodium  falciparum^  and  PV-positive  mos¬ 
quitoes  were  detected  concurrently,  except  for  one 
monsoon  season  (1987),  However,  PF-posilivo  mos¬ 
quitoes  usually  dominated,  comprising  6357  of  pos¬ 
itive  mosquitoes,  somewhat  less  llian  *hc  7657  PF- 
positive  mosquitoes  reported  by  Rosenberg  ct  al 
H990).  P.  /aWparmn-positive  mosquitoes  domi¬ 
nated  in  postmonsoon  and  early  rainy  seasons,  when 
they  constituted  74%  of  positive  mosquitoes. 

^soiial  differences  in  mosquito  parity  rates 
should  affect  positivity  rales  and  VC  l^ause  high 
parity  rates  indicate  increased  longevity  (Davidson 
1954).  In  postmonsoon  seasons,  high  (and  nearly 
equal)  i>arily  rates  of  An.  dims  and  An.  mimmus, 
coupled  with  elevated  abundance,  would  explain 
high  vectorial  capacities.  In  cool  dry  seasons,  par¬ 
ity  rales  were  so  low  at  sites  CD  (45%)  that  few 
positive  mosquitoes  were  expected.  However  five 
positive  mosquitoes  were  found,  including  a  nul- 
hparous  An,  dims  with  both  PF  and  PV  antigen. 
Although  gonotrophio  dissociation  or  discordance 
cannot  be  excluded,  rfiiscoding  of  the  specimen 
appears  more  probable.  In  any  case,  the  unusual 
combination  of  relatively  high  EIR  and  low  VC 
suggests  llial  parity  rates  in  the  cool  dry  season 
(and  hence  VC)  may  have  been  reduced  artificially 
by  the  increased  recruitment  of  nulliparous  fe¬ 
males.  The  significantly  higher  parity  rate  of  An. 
dmts  at  sites  CD  than  at  sites  AB  m  hot  dry  seasons 
Was  unexplained  because  exliaustivc  surveys  yield¬ 
ed  larvae  only  at  silt,  CD. 


November  1990 


Gingrich  et  au  Malaria  Transmission  in  a  Thai  Village 


1025 


Good  correlalion  of  VC  with  the  EIR  only  when 
hot  dry  seasons  were  excluded  from  calculations 
was  attributed  to  highly  variable  parity  rates  High 
proportions  of  parous  An  dims  from  2100  to  <^00 
hours  suggested  that  older  females  feed  later  than 
nulliparous  females,  except  after  0300  hours.  In 
An.  gambiae,  this  finding  was  attributed  to  early 
evening  oviposition  by  parous  females  followed  by 
host-seeking  (Molineaux  &  Grammicia  1930),  also 
a  probable  explanation  for  An.  dirus.  Early  peak 
biting  activity  of  An.  dims  during  cool  dry  seasons 
appeared  related  to  low  mean  minimum  temper¬ 
atures  (sometimes  reaching  12-13*C  after  2400 
hours),  curtailing  mosquito  activity.  Although  stud¬ 
ies  relating  biting  behavior  to  human  activity  were 
not  performed,  the  fact  that  most  positive  mos¬ 
quitoes  fed  before  2400  hours  suggests  the  potential 
value  of  such  research. 

Seasonal  peaks  of  PF-positive  mosquitoes  (and 
PF  EIR)  in  poslmonsoon,  cool  dry,  and  early  rainy 
seasons  were  related  in  time  to  peaks  in  PF  inci¬ 
dence  and  prevalence,  especially  in  the  outer  vil¬ 
lage.  However,  abundance  of  PV-po$itivc  mosqui¬ 
toes  ^and  PV  EIR)  appeared  unrelated  to  PV 
pr  jenco  and  incidence.  This  event  could  result 
from  prolonged  latency  in  exocrythrocytic  PV  in¬ 
fections  (Cooper  ct  al.  1947)  or  interspecific  dom¬ 
inance  of  PFoverPV  in  concurrent  infections  (Boyd 
ii  Kitchen  1937). 

Forest  foci  of  An.  dims  at  sites  CD  appeared 
essential  to  sustaining  PF  transmission  through  dry 
seasons.  Abundance  of  An.  dirus  only  In  outer  vil¬ 
lage  areas  (sites  CD)  in  dry  seasons  was  well  sup¬ 
ported  by  adult  and  larval  collection  data.  Abun¬ 
dance  of  An  dirus  only  in  heavily  forested  areas 
in  dry  seasons  also  was  observed  by  Wilkinson  ct 
al.  (1978).  Absence  of  An.  dims  larvae  and  low 
parity  rales  in  monsoon  ss'asons  was  ascribcsl  to 
flushing  of  larval  habitats  by  licavy  rains  and  in¬ 
tensive  residual  |)esticidc  spraying  during  the  fruit¬ 
growing  season.  Abundance  of  An.  dims  increased 
first  at  outer  village  sites,  radiating  toward  the  Inner 
village  as  larval  habitat  increased  late  in  monsoon 
and  early  rainy  seasons. 

Considering  the  dominant  role  of  An.  dirus  in 
malaria  transmission  in  Ban  Phluang  and  the  few, 
highly  focal  dry-season  habitats  found,  malaria  hy- 
l>crendemicily  appeared  highly  dependent  on  sea¬ 
sonal  repopulation  of  An.  dims  from  forest  habitats 
in  the  outer  village  The  role  of  Anopheles  mini¬ 
mus  as  a  secondary  vector  might  have  been  missed 
without  the  ELISA,  which  is  more  sensitive  in  de¬ 
lecting  antigen  when  sporozoite  numbers  are  low 
than  is  microscopic  examination  (Esposito  ct  al 
1986)  Although  other  anophelines  occasionally  may 
become  infected,  they  probably  play  a  minor  role 
in  malaria  transmission  in  the  village.  However, 
because  there  are  short  periods  when  species  from 
the  An.  barbirostris  and  An.  hyreanus  groups  (in¬ 
cluding  An  peditaeniaius)  might  become  infec¬ 
tive,  these  groups  should  be  studied  further  Ulti¬ 
mately.  hyperendemic  malaria  in  Ban  Phluang  and 


similar  villages  may  be  most  dependent  on  adap¬ 
tation  of  An.  dtrus  to  steady  depletion  of  forest 
habitats  and  more  intensive  agricultural  practices 
observed  throughout  the  region. 


Acknowledgment 

The  authors  (hank  the  following  persons  whose  efforts 
enabled  this  research.  From  AFItlMS.  these  include  Sa- 
wanya  Pongparit  for  laboratory  analyses,  Ralph  E  Har- 
bach,  Rampa  Ratlanarithikiil.  Chumnong  Noigamol,  Ko! 
Mongkolpanya,  Suda  Ralanawong,  and  Ratana  Wan- 
napong  for  mosquito  taxonomy;  Lek  Somchit,  Prajim 
Boonyakamsl.  Sanit  Nakngcn.  Somporn  Chanatmongkol, 
Ruan  Thaopha.  and  Inkam  Inlao  for  field  collection  of 
mosquitoes,  and  Somprathana  Kiewlongya  for  data  entry 
and  secretarial  assistance.  Statistical  analyses  by  Robert 
Burge,  Walter  Reed  Army  Institute  of  Research,  also  are 
deeply  appreciated.  The  monoclonal  antibodies  used  were 
provided  by  a  grant  to  R.  A  Wirtz  from  the  UNDP/ 
World  Bank/WHO  Special  Programme  for  Research  and 
Training  in  Tropical  Diseases.  Special  thanks  are  due 
Surasit  Sumit.  who  ied  the  Ban  Phluang  collection  team, 
and  the  residents  of  Ban  Phluang,  wlio  assisted  in  col¬ 
lections  and  graciously  allowed  all-night,  man-baited 
mosquito  collections  to  be  made  outside  their  homes  for 
over  two  years 


References  Cited 

Amo!,  D.  E.,  W.  Barwcll,  J.  P.  Tam,  V.  Nusscnzwcig, 
R.  S,  Nuxsenzweig  &  V.  Enea.  1985.  Circumspo¬ 
rozoite  protein  of  Plasmodium  plwix.  gene  cloning 
and  cliaravtcrization  of  the  immunodominant  epi¬ 
tope.  Science  230;  S15»818. 

Boyd,  M.  F.  &  S.  F.  Kilrhrn.  1937.  Simultaneous 
inoculation  with  F/osntodium  eleox  and  P/asmodlum 
faldjHiTum  Am  J,  Ttop  Med.  Ilyg.  17.  853-886. 

Collins,  F.  II.,  F.  Zavala,  P.  .M.  Graves,  A.  H-  Cochrane, 
It,  W.  Gwadz,  J.  Akoh  &  It.  S.  Nussenzweig.  198t. 
First  field  trial  of  an  immunoradiomctric  assay  for 
the  detection  of  malaria  sporozoites  in  mosquitoes. 
Am.  /.  Trop.  Med  Ilyg.  335  538-543 

Cooper,  W.  C.,  C-  It.  Coaincy  &  D.  I!.  Kuhe.  19(7. 
Studies  in  human  malaria.  V,  Homologous  strain  su- 
pcrinfcction  during  latency  in  subjects  with  sporo¬ 
zoite-induced  vivax  malaria  (St.  Fhzabeth  strain!  Am 
J,  Trop  Med,  Hyg.  46;  14I-I4S. 

Davidson,  G.  195  (.  Estimation  of  the  survival  rate  of 
anophcline  mosquitoes  in  nature.  Nature  174  792- 
793. 

Detinova,  T,  S.  1962  Age  grouping  methods  in  Dip- 
tcra  of  medical  importance.  World  Health  Organi¬ 
zation,  Geneva. 

Esposilo,  F.,S.  Lombardi,  Y,  T.  Toure,  F.  Zavala  &  >M. 
Coluzzi.  1986.  1  icld  observations  on  the  use  of 
anti-sporozoite  monoclonal  antibodies  for  determi¬ 
nation  of  infection  rates  in  malaria  vectors.  Parasi- 
tologica  28: 69-77- 

Goldbei^,  S.  1960.  Probability  An  introduction 
Prenuce-Hall,  Englewood  Cliffs,  N  J 

Ismail,  I.  A,  II.,  V.  Nolananda  &  J.  Schepens.  1975. 
Studies  on  malaria  and  responses  of  Anopheles  bab 
abacencis  and  Anopheles  minimus  to  DDT  spraying 
m  Thailand  Part  H  Post-spraying  observations.  Acta 
Trop.  32. 20G-231 


1026 


Journal  of  Medical  Entomology 


Vol.  27,  no.  6 


Macdonald,  G.  1952.  The  analysis  of  equilibrium  in 
malaria- Trop  Dis.  Bull,  49?81S-629< 

McCutchan,  T.  F.,  A.  A.  Lai,  V.  F.  de  la  Crus,  L.  H. 
Miller,  W.  L.  Maloy,  Y.  Charoenvit^  R.  L.  Beaudoin, 
P.  Guerrj,  R.  Wisiar,  S.  L.  Hoffman,  W.  T.  Hock- 
meyer,  W,  E.  Collins  &  D.  Wirth.  1985.  Sequence 
of  the  immunodominant  epitope  for  the  surface  pro*, 
tein  of  sporozoites  of  Plasmodium  oitxtx.  Science  230 
1381-1383. 

Molincauv,  L.  &  G.  Grarniccia.  1980.  The  Garki 
Project}  research  on  the  epidemiclogy  and  wntrol  of 
malaria  in  the  Sudan  savanna  of  West  Africa.  World 
Health  Organization,  Geneva. 

Panyim,  S.,  S.  Yasothomsrikul,  S.  Tungpradubkul,  V. 
Baimai,  R.  Rosenberg,  R.  G.  Andre  &  C  A.  Green. 
1988,  Identification  of  isomorphic  malaria  vectors 
using  a  DNA  probe.  Am,  J,  Trop  Med.  Hyg  38'  47- 
49 

Peyton,  E.  L.  &  B.  A.  Harrison.  1979.  AnO}>hclc$ 
(Cellia)  dirus,  a  new  species  of  the  Leucosphyrus 
group  from  Thailand  (Diptera.  Culicidac)  Mo$q,  Syst 
11;  40-52. 

Prasiuisuk,C.  1985.  Present  status  of  malaria  in  Thai¬ 
land  Southeast  Asian).  Trop  Med,  Public  Health  16. 
141-145, 

Raianalham,  S.,  C.  S,  Upathaai,  C.  Prasillisuk,  W.  Ro- 
janasunan,  N.  Thccrasilp,  A.  Tremongkot  &  V.  Vi- 
yanant.  1988.  Bionomics  of  AnopMes  minimus 
and  its  role  in  malaria  transmission  in  Thailand. 
Southeast  Asian  J  Trop  Med.  Public  Health  19.283- 
289 

Reid,  J.  A.  1968,  Anoplieline  mosquitoes  of  Malaya 
and  Borneo.  Studies  from  the  Institute  for  Medical 
Research  Malaysia  Na  31, 

Rosenbcig,  H.,  R.  A.  Wirtz,  D.  L.  Lannr,  J.  Satiabong- 
kot,  T,  Hall,  A.  P.  Waters  8:  C.  Prasitthuk.  1989. 


Circumsporozoite  protein  heterogeneity  m  the  hu¬ 
man  malaria  parasite  Plasmodium  vicax.  Science  245 
973-976. 

Rosenberg,  R.,  R.  G.  Andre  &  L.  Somchit.  1990. 
Highly  efficient  dry  $ea»n  transmission  of  malaria 
in  Thailand.  Trans.  R.  Soc,  Trop.  Med.  Hyg-  84  22- 
28. 

Wharton,  R.  H.,  D.  E.  Eyies,  McW.  Warren  &  W.  H. 
Qieong.  19^.  Studies  to  determine  the  vectors  of 
monkey  malaria  In  Nfalaya.  Ann  Trop  Med  Par- 
asitohdd;  56-77, 

'Wilkinson,  R.N.,D.  J.  Gould  &  A.  Boonyaksnisi.  1972. 
Comparative  susceptibility  of  An.  hclahacensis  and 
An.  minimus  to  naturally  occurring  Plasmodium  /cl- 
^pdrum  in  central  Thailand.  Proc.  Hclminthol  Soc. 
Wash.  39'  423-427. 

Wilkinson,  R.  N*,  J.  Could,  P.  Boonyakanist  & 
II.  E.  Segal.  1978.  Observations  on  An.  bclaba- 
censis  (Diptera*  Cuheidae)  in  Thailand.  J.  Med.  En- 
tomol  Hi  666-671. 

Wirtz,  R.  A.,T.  R.  Burkoi,  P.  M.  Craves  &  H.  G.  Andre. 
1987.  Field  evaluation  of  enzyme*hnked  immu¬ 
nosorbent  assays  for  P/u$mod<um  falciparum  and 
Plasmodium  t/txix  sporozoites  in  mosquitoes  (Dip¬ 
tera;  Culicidae)  in  Papua  NW  Guinea.  J/Mcd  En- 
tomol  24;  433-437. 

Young,  J.  F.,  W.T.  Hoekmeycr,  M.  Cross,  W.  R.  Ballou, 
IL  A*  W'irtz,  J.  II.  Trovper,  L.  Beaudoin,  .M.  U. 
llollingdate,  L.  11.  Miller,  C.  L.  Diggs  &  M.  Rosen¬ 
berg,  1985,  Expression  of  Pfusmodium/fltoparum 
circumsporozoite  proteins  in  Escherichia  coU  for  po¬ 
tential  use  In  a  human  malaria  vaccine.  Science  228 
95S-962. 

Rccelc>ed  for  puUlcaiion  16  May  1989.  accepted  15 

May  1990. 


DTIC 

ELECTE  i 
JUL  0  8  1991 1 


Aoo^aslon  7or 

oRAiTi"” 

DTlC  TiB  □ 

Uciivxinowiued  Q 


I  »r - 

Distribu^on/ 

I  Av&lIablXltr  CodtB 
"jAvoll  aad/*r 
Disk  I  Spsolal 


i 

\ 


